Sugar-sweetened beverages (SSBs) are the single largest source of added sugar and the top source of energy intake in the U.S. diet. In this review, we evaluate whether there is sufficient scientific evidence that decreasing SSB consumption will reduce the prevalence of obesity and its related diseases. Because prospective cohort studies address dietary determinants of long-term weight gain and chronic diseases, whereas randomized clinical trials (RCTs) typically evaluate short-term effects of specific interventions on weight change, both types of evidence are critical in evaluating causality. Findings from well-powered prospective cohorts have consistently shown a significant association, established temporality and demonstrated a direct dose-response relationship between SSB consumption and long-term weight gain and risk of type 2 diabetes (T2D). A recently published meta-analysis of RCTs commissioned by the World Health Organization found that decreased intake of added sugars significantly reduced body weight (0.80 kg, 95% confidence interval [CI] 0.39-1.21; P < 0.001), whereas increased sugar intake led to a comparable weight increase (0.75 kg, 0.30-1.19; P = 0.001). A parallel meta-analysis of cohort studies also found that higher intake of SSBs among children was associated with 55% (95% CI 32-82%) higher risk of being overweight or obese compared with those with lower intake. Another metaanalysis of eight prospective cohort studies found that one to two servings per day of SSB intake was associated with a 26% (95% CI 12-41%) greater risk of developing T2D compared with occasional intake (less than one serving per month). Recently, two large RCTs with a high degree of compliance provided convincing data that reducing consumption of SSBs significantly decreases weight gain and adiposity in children and adolescents. Taken together, the evidence that decreasing SSBs will decrease the risk of obesity and related diseases such as T2D is compelling. Several additional issues warrant further discussion. First, prevention of long-term weight gain through dietary changes such as limiting consumption of SSBs is more important than short-term weight loss in reducing the prevalence of obesity in the population. This is due to the fact that once an individual becomes obese, it is difficult to lose weight and keep it off. Second, we should consider the totality of evidence rather than selective pieces of evidence (e.g. from short-term RCTs only). Finally, while recognizing that the evidence of harm on health against SSBs is strong, we should avoid the trap of waiting for absolute proof before allowing public health action to be taken.
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Introduction
Obesity has become a global pandemic. In 2005, approximately 1.6 billion adults were overweight (body mass index [BMI] Ն 25 kg m -2 ) and at least 400 million were obese (BMI Ն 30 kg m -2 ). These numbers are projected to reach 2.3 billion and 700 million, respectively, by 2015 (1) . The percentage of overweight and obese adults in the United States increased from 47 and 15%, respectively, in the late 1970s to nearly 69 and 36% in 2009-2010 (2) . The magnitude of increase among children and adolescents is of particular concern. Over the past three decades, the prevalence of childhood obesity (sex-and age-specific BMI > 95th percentile of the 1970s standard) has more than doubled, with the prevalence of obesity in children and adolescents now at 16.9% (3) . Furthermore, in the United States alone, healthcare costs attributable to obesity were estimated at $147 billion per year in 2008 (4) .
In parallel with the rising obesity epidemic, the prevalence of type 2 diabetes (T2D) has increased dramatically worldwide. In the United States, the prevalence of T2D has nearly doubled, increasing from 5.3% during 1976-1980 to 11.3% in 2010 (5) . The International Diabetes Federation estimated that in 2012, there were over 366 million people worldwide with T2D, and that number is projected to reach 552 million by 2030. Approximately 80% of people with T2D live in low-and middle-income countries, which has enormous public health and economic consequences (6) .
Obesity is a complex condition that is caused by a myriad of factors, including, but not limited to, genetics, epigenetics, eating behaviours, physical activity, metabolism, psychosocial influences and environmental factors. Mounting epidemiologic and clinical trial evidence indicates that there is no 'magic bullet' for weight control. Rather, multiple factors each exert a modest effect in the daily energy balance, which over time accumulates to cause weight gain and obesity (7) . Among numerous potential dietary determinants of obesity, sugar-sweetened beverages (SSBs) have recently received a great deal of attention, because they are the largest source of calories and added sugars in both children and adults in the United States (8,9) ( Table 1) . SSBs include the full spectrum of soft drinks, fruit drinks, and energy and vitamin water drinks containing added sugars. These beverages are sweetened by highfructose corn syrup (HFCS; the most common added sweetener in processed foods and beverages in the United States), sucrose or fruit juice concentrates. The HFCS that is commonly used in beverages contains 55% fructose and 45% glucose, while sucrose or table sugar consists of 50% fructose and 50% glucose.
Consumption of SSBs has increased dramatically in the past several decades among both children and adults (10) . Additionally, SSBs have been clearly identified as a suitable target for public health interventions, not only because SSB consumption is strongly associated with obesity, but also because they offer only 'empty' calories and provide almost no nutritional value.
SSB consumption trends
Data from the National Health and Nutrition Examination Survey (2005) (2006) (2007) (2008) show that half the US population consumes SSBs on a given day; one in four obtain at least 200 calories from such beverages, and 5% obtain at least 567 calories -equivalent to four cans of soda (11) . Consumption is particularly high among African-Americans, Hispanics and low-income individuals -the groups with disproportionally high prevalence of obesity and obesityrelated chronic diseases. US children and youth obtain on average 224 calories per day from SSBs, nearly 11% of their daily total caloric intake (12) . Consumption is higher among boys than girls; 70% of boys aged 2-19 years consume SSBs daily. In the past several decades, the portion size of soft drinks has increased substantially (13), from a 6.5-oz standard soft drink bottle in the 1950s to a typical 20-oz bottle today. Consumption of SSBs in the United States appears to have decreased modestly in the past decade (14) . However, soft drink sales are increasing rapidly in other parts of the world, especially developing countries. For example, the sales of Coca Cola and PepsiCo products have soared in China, increasing to 145 and 127%, respectively, from 2000 to 2010 (15) . Soft drink consumption trends strongly resemble tobacco consumption trends, as both soft drink companies and tobacco companies have a worldwide reach that includes aggressive marketing tactics designed to export unhealthy products to developing countries. Additionally, both soft drink and tobacco companies fund biased analyses and reviews and provide misleading information to consumers in order to increase consumption of unhealthy products (16) .
SSBs and obesity: observational evidence
Numerous epidemiologic studies have examined the relationship between SSB intake and obesity. Among the various types of epidemiologic studies, ecological studies (e.g. cross-population comparisons and time trends) are most susceptible to confounding and other biases. Crosssectional analyses are also susceptible to confounding and reverse causation bias. Thus, the evidence from these two types of studies was not considered in this review. On the other hand, carefully conducted and analysed prospective cohort or longitudinal studies are considered to be the strongest non-randomized study design. Several (8, (17) (18) (19) (20) , but not all, (21) systematic reviews have reported positive associations between intake of SSB and weight gain or risk of overweight and obesity among both children and adults.
We found that the relationship is most consistent among large prospective cohort studies with long follow-up and without statistical adjustment for total energy intake (19) . Because SSBs add extra calories to the diet, total energy intake is likely to mediate the association between SSB intake and weight gain. Thus, adjusting for total energy intake is equivalent to assessing the effects of SSB intake on body weight that do not occur through a change in total energy intake; such an analysis would artificially underestimate the association between SSBs and body weight. Discrepancies between some studies may be explained by whether or not they adjusted for total energy intake. In a meta-analysis of 10 longitudinal studies and two randomized clinical trials (RCTs), Forshee et al. found no relationship between SSB intake and BMI among children and adolescents (21) . However, this meta-analysis is analytically flawed by failure to appropriately scale the estimates and standard errors from two studies. In particular, the meta-analysis expressed the overall results as the change in BMI units per 12-oz serving change in SSBs. However, two studies expressed their estimates as change per 1-oz serving in SSBs in their original publications, and these were not scaled in the meta-analysis. After correcting for these errors and analysing only the available estimates that were not adjusted for total energy intake, our updated meta-analysis found a significant positive association between SSB intake and BMI among children (19) .
Among adults, several large prospective cohort studies have found significant positive associations between daily SSB consumption and weight gain. In a large cohort of over 50,000 female nurses, women who increased their SSB consumption and maintained a high level of intake gained, on average, 8.0 kg over 8 years, while women who decreased their SSB intake and maintained it gained, on average, only 2.8 kg (22) (Fig. 1) . Similar results were found among over 40,000 women in the Black Women's *Low and high intakes were defined as Յ1 per week and Ն1 per day. The number of subjects were: low-high-high = 323, low-high-low = 461, high-low-high = 110 and high-low-low = 746. Groups with similar intake in 1991 and 1995 were combined for estimates for these time points. Means were adjusted for age, alcohol intake, physical activity, smoking, post-menopausal hormone use, oral contraceptive use, cereal fibre intake and total fat intake at each time point. From reference (22) . obesity reviews Health Study (23) and in a cohort of over 43,000 Chinese adults in Singapore (24) . Recently, we examined the relationships between changes in lifestyle factors and weight change among 120,877 initially non-obese women and men in our three observational cohorts (the Nurses' Health Study, Nurses' Health Study II and Health Professionals' Follow-up Study), using repeated measurements every 4 years. Each daily increase of one 12-oz (355 mL) serving of SSB was significantly associated with approximately 0.5 kg greater weight gain every 4 years, after adjustment for age, baseline BMI, sleep, changes in physical activity, smoking, TV watching and multiple other dietary factors (25) . Other 'obesogenic' foods identified in this study included potatoes, potato chips/French fries, red and processed meats, refined grains, and desserts. On the other hand, greater consumption of fruits, vegetables, whole grains, nuts and yogurt was associated with less weight gain. These results suggest that obesity prevention should focus on improving overall dietary quality by consuming more healthful foods and beverages and fewer unhealthy ones. Because a large number of individuals consume multiple servings of SSBs daily, reducing consumption of these beverages is an important step in improving dietary quality and reducing longterm weight gain.
The repeated assessment of diet and lifestyle variables in our cohorts facilitates a 'change-on-change' analysis. Although this method lacks the randomization of a clinical trial, it has many features of a quasi-experimental design. Additionally, our findings may be more generalizable to the real-world setting compared with a well-controlled laboratory setting. From a public health point of view, identifying dietary determinants of long-term weight gain is critical for reducing the prevalence of obesity in the population; once an individual becomes obese, it is difficult to lose weight and keep it off.
Evidence for a causal link between SSBs and obesity is strengthened by our recent analysis of gene-SSB interactions (26) . We examined whether consumption of SSB can modify genetic risk of obesity, assessed using a genetic predisposition score based on 32 obesity genes identified from recent genome-wide association studies. With data from three large cohorts (Nurses' Health Study, Health Professionals' Follow-up Study and Women's Genome Health Study), we found that greater consumption of SSBs was associated with more pronounced genetic effects on elevated BMI and an increased risk of obesity. Individuals who consumed one or more servings of SSBs per day showed more than twice the genetic effect on obesity risk compared with those who consumed less than one serving per month (Fig. 2) . These data suggest that regular consumption of SSBs exacerbates the genetic risk of obesity, implying that a genetic predisposition to obesity can be partly offset by healthier beverage choices. Alternatively, persons with a greater genetic predisposition to obesity appear to be more susceptible to the deleterious effects of SSBs on BMI. These findings may help explain individual differences in the metabolic response to intake of SSBs.
SSBs and body weight: clinical trial evidence
Evidence from RCTs is limited compared with the observational evidence. In 2011, Mattes et al. (27) conducted a meta-analysis of six RCTs and found that adding SSBs to participants' diets significantly increased body weight in a dose-dependent manner. However, in a meta-analysis of another six RCTs aimed to reduce SSB consumption, there was no overall effect on BMI, but a significant benefit was seen among individuals who were initially overweight. Mattes et al. (27) pointed out the methodological limitations of these trials, including small sample sizes, short duration, poor compliance, lack of randomization at the individual level, lack of blinding and the overstating of subgroup findings.
It should be noted that all these trials are 'effectiveness trials' of behavioural modifications; such trials test intervention modalities more than causal relationships because their findings are greatly affected by intervention intensity and are limited by adherence (28) . One of the trials compared soda consumption isocalorically with sweetened milk, which not surprisingly revealed no difference in weight change between the intervention and control groups (29) . This trial should, therefore, not be included in the meta-analysis. In addition, the school-based intervention by Sichieri et al. (30) was problematic in that the intervention group, which received health education to discourage consumption of carbonated SSBs, compensated by increasing their consumption of sugar-added juices and fruit drinks, which may explain the lack of significant findings.
In a cluster-randomized controlled trial testing a schoolbased soda reduction programme, a significant reduction in childhood overweight and obesity rates was observed at the end of the 1-year intervention (31), but it became nonsignificant 2 years after the educational programme's discontinuation (32) . This finding actually supports, rather than refutes, a benefit of reducing SSB consumption on childhood obesity. The 1-year, rather than the 2-year, results reflect the more relevant effects of an active intervention programme.
Recently, two large and rigorously conducted RCTs have been published. These two groundbreaking trials, which overcame many of the limitations of previous trials, provide strong evidence that decreasing consumption of SSBs significantly reduces weight gain and obesity in children and adolescents. Ebbeling et al. (33) randomly assigned 224 overweight and obese adolescents who regularly consumed SSBs to intervention and control groups. obesity reviews Sugar-sweetened beverages and risk of obesity F. B. Hu 609
The intervention group received home delivery of water or diet drinks to replace SSBs for 1 year, at which point these participants had significant and beneficial changes in BMI (-0.57 kg m -2 , P = 0.045) and weight (-1.9 kg, P = 0.04) compared with the control group. After an additional 1 year of follow-up without active intervention, the intervention group still had less weight gain than the control group, although the between-group difference was not statistically significant. The intervention effects were significantly more pronounced among Hispanic than non-Hispanic participants. A major strength of this trial is the high retention rates (97% at 1 year and 93% at 2 years). The intervention was also very effective; reported intake of SSB decreased from 1.7 servings per day to nearly 0 in the intervention group at 1 year. Interestingly, the consumption in the control group also declined substantially, which might have led to the underestimation of the true magnitude of the intervention effect. As was expected, the consumption of SSBs in both groups rebounded somewhat after the intervention ceased, suggesting that to achieve long-term benefits, the intervention needs to be sustained over time.
In a double-blinded placebo-controlled trial, de Ruyter et al. (34) randomized 641 normal-weight Dutch children to receive 250 mL (8 oz) per day of a sugar-free, artificially sweetened beverage (sugar-free group) or a similar sugarcontaining beverage that provided 104 kcal per serving (sugar group). After 18 months of the intervention, compared with the sugar group, the sugar-free group had significant reductions in BMI z-score (Fig. 3) , weight gain and body fat change. A major advantage of this study is the double-blind design, which avoids potential biases because of psychological cues and social desirability. In addition, an objective biomarker (urinary sucralose) indicated a high degree of compliance. One limitation is that 26% of the participants did not complete the study, which may have led to underestimation of the true effects of the intervention. The results from this study, together with the findings from Ebbeling et al. (33) , provide the strongest evidence to date that replacing SSBs with non-caloric beverages will significantly reduce childhood obesity. Figure 2 Relative risk of the development of obesity per increment of 10 risk alleles, according to intake of sugar-sweetened beverages.
Meta-analyses of added sugar consumption and body weight
For the discovery phase, with data from the Nurses' Health Study (NHS) and Health Professionals Follow-up Study (HPFS) cohorts, the analyses were based on 18 years of follow-up for 6,402 initially non-obese women (1980-1998, 1,107 incident cases of obesity) and 12 years of follow-up for 3,889 initially non-obese men (1986-1998, 297 incident cases of obesity). Shown are the pooled relative risks of incident obesity, with adjustment for age, source of genotyping data, level of physical activity, status with respect to current smoking, alcohol intake, time spent watching television, Alternative Healthy Eating Index score and total energy intake. For the replication phase, with data from the Women's Genome Health Study (WGHS) cohort, the analyses were based on a median of 6 years of follow-up for 18,127 initially non-obese women (1992-1998, 2,280 incident cases of obesity). Shown are the relative risks of incident obesity, with adjustment for age, geographic region, eigenvectors, level of physical activity, status with respect to current smoking, alcohol intake and total energy intake. Horizontal bars indicate 95% confidence intervals. From reference (26) . obesity reviews the effects of added sugars on body weight and to determine whether the existing evidence supports its recommendation to limit added sugar intakes to less than 10% of total energy (35 Evidence synthesis: a causal relationship between SSB intake and obesity
We evaluated whether the available evidence on SSB intake and obesity meets the causality criteria commonly used in non-communicable disease epidemiology. Here, we consider both observational evidence, which is relevant for long-term weight gain, and clinical trial evidence, which typically addresses short-term weight change. These two types of evidence are complementary, and both are indispensable when evaluating causality.
1.
Strength: Prospective cohort studies have consistently shown a positive association between SSB intake and long-term weight gain and obesity in children and adults. RCTs have shown clinically significant benefits of reduction in SSB or added sugar consumption on body weight. Although the effect size appears to be modest, the unit of exposure is relatively small (typically one serving per day in most studies). For individuals consuming larger amounts, the benefits of reducing SSBs would be much greater. Furthermore, prevention of long-term excess weight gain by limiting SSB consumption is likely to be more effective in reducing prevalence of obesity than short-term weight loss among those who are already overweight or obese.
2. Consistency: The evidence from prospective cohort studies and RCTs is highly consistent in both children and adults.
3. Temporality: The temporal relationship between SSB intake and obesity risk is well established, given that the evidence reviewed here is derived from prospective cohort studies and RCTs. 4. Dose-response relationship: As SSB intake increases, the amount of weight gain increases in a dose-response manner.
5. Biological plausibility: SSBs contain large amounts of energy from rapidly absorbable sugars. Consumption of these calories in liquid form is associated with less satiety and an incomplete compensatory reduction in energy intake at subsequent meals (36), leading to the overconsumption of total daily calories. In this regard, regular consumption of SSBs is considered a unique dietary contributor to positive energy balance and weight gain.
6. Alternate explanations: The positive association between SSBs and obesity found in observational studies may be due to confounding by other correlated dietary and lifestyle factors; however, these factors were carefully adjusted for in multivariate analyses. Additionally, the results from well-conducted RCTs are not susceptible to such confounding and support the conclusions from observational analyses.
7. Experimental evidence: Rigorously conducted RCTs have shown that reducing consumption of SSBs significantly decreases weight gain and adiposity in children. Short-term mechanistic studies have shown that SSB consumption increases visceral adiposity, dyslipidemia and plasma concentrations of uric acid and inflammatory cytokines (17) .
Taken together, current evidence on SSBs and obesity meets all key criteria commonly used to evaluate causal relationships in epidemiology. In other words, there is compelling evidence that SSB intake is causally related to increased risk of obesity. Furthermore, there is also convincing evidence from recent RCTs that reducing SSB intake decreases risk of weight gain and obesity in children and adolescents.
Of course, no single study is perfect, and the scientific evidence will continue to evolve regarding the health effects of SSBs. In the meantime, we should avoid the trap of demanding absolute proof before allowing action to be taken (37) . Sir Austin Bradford Hill's thoughts on causality several decades ago are still relevant to today's obesity epidemic (38) :
All scientific work is incomplete -whether it be observational or experimental. All scientific work is liable to be upset or modified by advancing knowledge. That does not confer upon us a freedom to ignore the knowledge we already have, or to postpone the action it appears to demand at a given time.
SSBs and T2D and cardiovascular risk
Growing evidence indicates that SSB consumption is associated with increased risk of T2D and cardiometabolic disorders. We conducted a meta-analysis of eight prospective cohort studies evaluating SSB intake and the risk of T2D (39) . Based on 310,819 participants and 15,043 T2D cases, individuals in the highest category of SSB intake (usually one to two servings per day) had a 26% (risk ratio [RR] 1.26, 95% CI 1.12-1.41) greater risk of developing T2D compared with those in the lowest category (none or less than one per month) (39) (Fig. 4) . This association is consistent across ethnic groups (Caucasians, AfricanAmericans and Asians), genders and age groups. A similar association was found in 11,684 incident cases and a subcohort of 15,374 participants from eight European cohorts participating in the European Prospective Investigation into Cancer and Nutrition (EPIC) study (40) . Experimental evidence from RCTs evaluating the effects of reducing SSBs on clinical T2D is lacking because of cost and other feasibility considerations. Nonetheless, findings from prospective cohort studies have shown a relatively strong and consistent association in well-powered studies, established temporality and demonstrated a dose-response relationship (41) . 612 Sugar-sweetened beverages and risk of obesity F. B. Hu obesity reviews
In addition, short-term mechanistic studies have established a biologic rationale and causal relationships with biomarkers of T2D such as insulin resistance and chronic inflammation. Several lines of evidence, taken together, meet the key Bradford Hill criteria to establish a causal relationship between SSB consumption and risk of T2D (38) ( Table 2) .
There is increasing evidence that higher SSB consumption contributes to the development of several additional chronic diseases, including hypertension, dyslipidemia, inflammation and coronary heart disease (CHD). In the Nurses' Health Study and Nurses' Health Study II cohorts, women who consumed Ն4 servings per day of SSBs had a 44% (RR = 1.44, 95% CI: 0.98, 2.11) and 28% (RR = 1.28, 95% CI: 1.01, 1.62) greater risk of developing hypertension, respectively, compared with infrequent consumers (42) . In a post-hoc analysis of an 18-month behavioural intervention trial, a reduction in consumption of SSBs was significantly associated with reduced blood pressure, even after adjustment for weight change (43 (45) .
In the Nurses' Health Study, we found that regular SSB intake was significantly associated with increased incidence of CHD (non-fatal myocardial infarction or fatal CHD) (46) . In over 88,000 women followed for 24 years, those who consumed Ն2 servings per day of SSBs had a 35% greater risk of CHD compared with infrequent consumers, after adjusting for other unhealthy lifestyle factors (RR = 1.35, 95% CI: 1.1, 1.7; P < 0.01 for trend). Additional adjustment for potential mediating factors (including BMI, total energy intake and incident T2D) attenuated the associations, but they remained statistically significant, suggesting that the effect of SSBs may not be entirely mediated by these factors. Similar results were found in the Health Professionals Follow-Up Study, a prospective cohort study including 42,883 men (47) . In this study, the intake of SSBs, but not artificially sweetened beverages, was also significantly associated with increased plasma concentrations of inflammatory cytokines, including C-reactive protein, interleukin-6 and tumour necrosis factor receptors.
Some evidence suggests that consuming fructose, a constituent of sucrose and HFCS in relatively equal amounts, may exert additional adverse cardiometabolic effects. Fructose is preferentially metabolized to lipids in the liver, leading to increased hepatic de novo lipogenesis, atherogenic dyslipidemia and insulin resistance (48) . Fructose has also been shown to promote the accumulation of visceral adiposity and the deposition of ectopic fat (49) (50) (51) (52) . Fructose is the only sugar known to increase serum uric acid levels by increasing adenosine triphosphate degradation to adenosine monophosphate, a uric acid precursor (53) . The production of uric acid in the liver may reduce endothelial nitric oxide, which may partly mediate the association between SSB and CHD (54) . Regular consumption of SSB has also been associated with hyperuricemia (55) and risk of developing gout in large prospective cohort studies (56, 57) .
Healthier alternatives to SSBs
Several beverages have been suggested as alternatives to SSBs, including plain water, 100% fruit juices, coffee, tea and diet drinks. Unlike SSBs, water does not contain liquid calories, and small short-term studies have shown that water consumption before a meal is associated with an increase in satiety and a subsequent lower energy intake (58) (59) (60) . In a recent analysis of three large cohort studies, we found that replacement of one serving per day of SSBs with one cup per day of water was associated with 0.49 kg (95% CI: 0.32-0.65) less weight gain over each 4-year period; the replacement estimate for fruit juices with water was 0.35 kg (95% CI: 0.23-0.46). Substitution of SSBs or fruit juices with other beverages (coffee, tea, diet beverages, low-fat milk) was significantly associated with less weight gain as well. In the Nurses' Health Study II, we also found that substituting plain water for SSB was associated with a significantly lower risk of T2D (61) . A randomized cluster trial conducted in 32 elementary schools in Germany found that health education combined with provision of drinking water in schools significantly reduced the risk of overweight in children (62) . For most people, plain water is the optimal calorie-free beverage, because it is cheap and readily accessible. One of the strategies for childhood obesity prevention recommended by the Institute of Medicine of the National Academies is to 'Increase access to free, safe drinking water in public places to encourage water consumption instead of SSBs' (63) . At first glance, 100% fruit juices appear to be a healthy alternative to SSBs, given that they contain some vitamins and other nutrients. However, fruit juices also contain a relatively high number of calories from natural sugars and should therefore be consumed at most in moderation. Previous cohort studies have found positive associations between regular consumption of fruit juices and greater weight gain (22) and T2D (64) . Thus, daily consumption of 100% fruit juices has been recommended to be limited to no more than 4-6 oz.
Numerous prospective cohort studies have shown that regular consumption of coffee and tea can have favourable effects on T2D and cardiovascular disease risk (65) (66) (67) , possibly because of their high polyphenol content. Coffee and tea are therefore healthy alternatives to SSBs for those without contraindications, provided that caloric sweeteners and creamers are used sparingly. In the Nurses' Health Study II, replacement of one serving of SSB with one cup of coffee daily was associated with a 17% lower risk of T2D (68) . Decaffeinated and regular coffee appear to have similar benefits on incidence of T2D (69) .
Diet sodas may be an acceptable alternative to SSB, as they provide few to no calories; however, little is known about the long-term health consequences of consuming artificial sweeteners. Unlike SSBs, diet beverages are sweetened with non-energy-bearing artificial sweeteners such as aspartame, sucralose, saccharine, acesulfame potassium and neotame (70) . Several epidemiologic studies have reported positive associations between diet soda consumption and weight gain and risk of metabolic syndrome and T2D (44, 45, 71) . However, these findings may be due to reverse causation or residual confounding, because persons who consume diet soda are more likely to have a higher BMI and a greater prevalence of comorbidities and dieting behaviours. In our cohorts, after adjustment for these factors associated with diet soda consumption, we found non-significant associations between artificially sweetened beverages and T2D (22, 68) and CHD (46) . Also, the RCTs reviewed earlier have found weight control benefits of substituting diet soda for regular soda. On the other hand, some evidence suggests that the intense sweetness of artificial sweeteners (72) may condition towards a greater preference for sweets and may thus enhance appetite (73) . Diet soda may also enhance appetite by cephalic phase stimulation, although this remains controversial (70) . Consumers of diet soda may also use this choice as a rationale for consuming other higher-calorie foods, inevitably leading to weight gain (70) . Although consumption of artificially sweetened beverages is preferable to use of SSBs, further studies are needed to evaluate the long-term metabolic and behavioral consequences of using artificial sweeteners.
Implications for public health policies
In light of the current obesity crisis and mounting evidence linking regular consumption of SSBs to obesity, national and international organizations have called for reductions in intake of SSBs to help prevent obesity and improve public health (74) . In addition to strong and widespread public health recommendations, public policy interventions are often required to change food consumption patterns and individual behaviours because they can bring about rapid and effective changes in the food environment (1). Several regulatory strategies to reduce intake of SSBs have recently been proposed, including taxation, enhanced nutrition labelling, vending machine restrictions and limits on marketing to children. For cigarette smoking, imposing steep taxes has been a successful strategy in reducing their use, especially among young people, who are more sensitive to the price of cigarettes than adults. Current taxes on SSBs in most states are probably not at levels high enough to have an appreciable impact on purchasing behaviour (75) . Therefore, it has been suggested that imposing additional tax increases (e.g. 20%) will be necessary to change SSB consumption patterns. The revenue generated from the taxes could be used to offset some of the high healthcare costs attributed to obesity and implement childhood obesity prevention programmes. Restrictions on access to soft drinks, especially those with a large portion size, should be considered in conjunction with health education campaigns and taxation. Together with education and public health campaigns, regulations and laws are an important approach to changing social norms and improving food and beverage consumption patterns.
Further issues raised in the debate

RCTs vs. prospective cohort studies
Allison and colleagues claim that they have examined the highest-quality evidence available in the form of RCTs that either increased or decreased SSB consumption and that this type of evidence supersedes correlation or cohort studies. However, a major distinction needs to be made between most trials designed to evaluate short-term weight loss and cohort studies, which are designed to evaluate the prevention of long-term weight gain, thus addressing a different question altogether. From a public health point of view, identifying dietary determinants of long-term weight gain is critical for reducing the prevalence of obesity in the population, because once an individual becomes obese, it becomes difficult to achieve and maintain weight loss. In addition, it is not feasible to examine the relationship between SSBs consumption and risk of chronic diseases such as T2D through RCTs because of cost and compliance issues. On the other hand, large cohort studies are well suited to investigate long-term associations between dietary exposures and chronic disease risk. Therefore, to make an inference about causality between SSBs and obesity and its related diseases, it is essential to consider evidence from both RCTs and prospective cohort studies. Realistically, an ideal RCT may never be conducted in free-living populations for dietary behavioural changes; this is due to the fact that almost all trials, no matter how well designed, will suffer from one or more major limitations, especially reduced compliance in the long run and infeasibility of blinding the interventions. Well-powered cohort studies, particularly those with repeated measures that carefully adjust for potential confounders, are powerful tools with which to assess diet and long-term weight patterns. By not considering cohort studies, the authors are missing the complete picture and have failed to examine the totality of the available evidence, which is essential for researchers aiming to arrive at data-driven conclusions and for clinicians and policymakers seeking to make informed evidence-based recommendations about SSBs.
How much evidence is considered sufficient?
By considering only one source of evidence, Allison and colleagues conclude that the evidence remains equivocal, although the results from their updated meta-analysis suggest otherwise. The meta-analysis clearly showed that adding SSBs to the diet significantly increased body weight (standard mean difference [SMD] 0.28 [95% CI 0.11, 0.44] ) and reducing SSBs conferred a marginally significant benefit on weight loss (SMD 0.06 [95% CI -0.01, 0.13]; P = 0.11). It is widely known that trials evaluating weight loss are complicated because of poor compliance and inherent difficulties in achieving and maintaining weight loss. Of particular note, the analysis restricted to studies among participants who were overweight at baseline showed a significant benefit of either more weight loss or less weight gain relative to controls (SMD 0.25 [95% CI 0.13, 0.38]; P < 0.0001). This has important implications from a public health point of view, because overweight and obese individuals tend to drink more SSBs and should be the target populations for interventions.
As described earlier, a recently published meta-analysis of RCTs commissioned by the WHO found that decreased intake of added sugars significantly reduced body weight (0.80 kg, P < 0.001), whereas increased intake of added sugars led to a comparable weight increase (0.75 kg, P = 0.001) (35) . A parallel meta-analysis of cohort studies also found that higher intake of SSBs was associated with 55% (95% CI 32%-82%) increased risk of being overweight or obese among children, compared with those with lower intake. In addition, two recent trials demonstrated that reducing SSBs significantly decreased weight gain in both children and adolescents (33, 34) . Therefore, when the totality of evidence is considered, a clear conclusion can be drawn that SSBs are an important determinant of obesity in children and adults.
How strong is the effect size?
According to Allison and colleagues, 'Among persons who are overweight or obese at baseline, reducing consumption of SSBs explains 1.54% of the variance in body weight or BMI change. . . . Therefore, we conclude that the debate proposition cannot be supported at this time.' However, the proportion of variance explained is a poor and inappropriate measure of effect size (76) . It is not surprising that the relationship between SSBs and body weight is not dramatic, because obesity is a multifactorial condition. However, the magnitude of effects depends on the amount of exposure; most studies analysed the effect of one serving per day of SSB consumption on weight gain, but a large number of people, especially teenagers, drink several servings of SSBs per day. The effect size also depends on the population; effects are much larger in susceptible groups such as those who are overweight or obese. Nonetheless, the effect size derived from both RCTs and observational studies is significant from both clinical and public health points of view. For instance, in the Dutch trial, a reduction of 104 kcal from SSBs per day was associated with 1.01 kg (2.2 lb) less weight gain during 1.5 years among normal-weight children (34) . Clearly, this effect size would translate into substantial reduction in childhood obesity if the intervention were widely implemented, especially in the United States, where many children consume multiple servings of SSBs per day. In our cohorts, we found that each additional daily serving of SSB added 1.00 lb over 4 years or 0.25 lb in 1 obesity reviews Sugar-sweetened beverages and risk of obesity F. B. Hu 615 year, after adjustment for a number of dietary and lifestyle variables (25) . Adult weight gain in the general population is a gradual process, occurring over decades and averaging about 1 lb per year. Thus, based on these data, eliminating one serving of SSB per day from the diet could be a costeffective way to reduce annual weight gain by approximately 25%, which would have a huge public health impact.
What are the positions of national and international organizations?
Allison and colleagues attempt to contextualize their results and provide support for their stance by cherry-picking quotes from various scientists, expert panels and some U.S. legislators. However, many of these quotes are outdated (including one quote from our earlier review paper published in 2006), because much of the evidence reviewed in this paper was published recently. Some of the quotes are also misused. For example, the joint statement from the American Heart Association and American Diabetes Association that 'there is insufficient data to determine whether use of non-nutritive sweeteners to displace caloric sweeteners benefits body weight or cardiometabolic risk factors' does not mean that they do not believe the benefits of SSB reduction on body weight. Moreover, a number of authoritative scientific associations and committees including the United States Department of Agriculture (77), the American Heart Association (78, 79) , the American Academy of Pediatrics (80), the American Medical Association (81), the American Diabetes Association (82), the Institute of Medicine of the National Academies (63) , the WHO and the Centers for Disease Control and Prevention (83) (84) (85) (86) are convinced of the evidence and are calling for reductions in consumption of SSBs for prevention of obesity and chronic diseases (Table 3) .
Red herring arguments?
Allison and colleagues cast doubts on the validity of scientific evidence by raising a number of points that go beyond the scope of the scientific data ('emotion-raising language', 'distortion of scientific information' by the media and 'the mere exposure effect'). However, cherry-picking quotes Table 3 Statements from scientific associations supporting a reduction of sugar-sweetened beverages
Association Statement
American Heart Association The American Heart Association recommends limiting the amount of added sugars you consume to no more than half of your daily discretionary calories allowance. For most American women, that's no more than 100 calories per day, or about 6 teaspoons of sugar. For men, it's 150 calories per day, or about 9 teaspoons. For reference, one 12-oz can of cola contains 8-10 teaspoons of added sugar, for 130-150 calories. American Heart Association Healthy Diet Goals: As part of a healthy diet, an adult consuming 2,000 calories daily should aim for no more than 450 calories (36 oz) a week from sugar-sweetened beverages.
American Diabetes Association
Avoid sugary drinks like regular soda, fruit punch, fruit drinks, energy drinks, sweet tea and other sugary drinks. These will raise blood glucose and can provide several hundred calories in just one serving! See for yourself: One 12-oz can of regular soda has about 150 calories and 40 g of carbohydrate. This is the same amount of carbohydrate in 10 teaspoons of sugar! One cup of fruit punch and other sugary fruit drinks have about 100 calories (or more) and 30 g of carbohydrate.
American Academy of Pediatrics
Reduce the intake of sugar-sweetened beverages and foods. Sweetened beverages and naturally sweet beverages, such as fruit juice, should be limited to 4-6 oz per day for children 1-6 years old, and to 8-12 oz per day for children 7-18 years old.
World Health Organization Added sugar should be limited to <10% of a person's caloric intake For diet, recommendations for populations and individuals should include the following: . . . limit the intake of free sugars. Purpose was to guide efforts by Member States in designing new and/or strengthening existing policies on food marketing communications to children in order to reduce the impact on children of marketing of foods high in saturated fats, trans-fatty acids, free sugars or salt.
from individual researchers or media reports is problematic and distracts from the central issue. McKee et al. (87) have warned against using rhetorical arguments to give the appearance of legitimate and unresolved debate about matters generally accepted by the mainstream scientific community, such as the existence of global warming, health effects of passive smoking and complications of vaccines. As indicated by Capewell (37), tactics often invoked by tobacco and beverage and food companies to deny scientific evidence of harm include selective use of evidence to support a position, creation of impossible expectations of research and the use of red herrings and other tangential arguments to divert attention from the main issue. Such techniques can be used to manufacture doubt and argue against taking action. While we should devote our efforts to obtaining the best possible scientific evidence while keeping an open and constructively sceptical mind, we should also be vigilant against the red herring tactics that are commonly employed by the tobacco and beverage industries to undermine public health policies.
Conclusions
Consumption of SSBs has increased markedly across the globe in recent decades, tracking closely with the growing burdens of obesity. These beverages are currently the largest source of added sugar intake and the top source of daily energy in the U.S. diet. The cumulative evidence from observational studies and experimental trials is sufficient to conclude that regular consumption of SSBs causes excess weight gain and these beverages are unique dietary contributors to obesity and T2D. Compelling evidence indicates that reducing SSBs will have significant impact on the prevalence of obesity and its related diseases, especially T2D. Despite strong resistance from the beverage industry, several public policies and regulatory strategies to reduce intake of SSBs are already in place or being developed. The combination of public health campaigns and regulations and laws is needed to change social norms and dietary behaviours. Although reducing SSB consumption alone is unlikely to solve the obesity epidemic entirely, limiting intake of SSBs is one simple change that could have a measurable impact on weight control and prevention of T2D and other metabolic diseases.
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